Modified brucella broth medium was used to study the growth ofHelicobacterpylori at varied pHs and partial pressures of oxygen and to determine the effect of urea on culture pH. Our findings suggested that the pHs of the media remained stable with or without urea and that H. pylori showed facultative acidophilism and obligate microaerophilism.
Helicobacter pyloni comb. nov. is associated with human gastroduodenal diseases such as gastroduodenitis (4, 12) , peptic ulcer (9) , and gastric carcinoma (17) . Even though H. pyloni colonizes human stomach tissue with pHs as low as 1.5 to 1.8, this bacterium is reported to be extremely sensitive to gastric acidity (5, 13) . Thus, it is generally assumed that H. pyloni is not acidophilic or acid tolerant. It is postulated that the organism survives the acidic environment of the human stomach mainly because (i) the organism occupies a protected niche in the stomach, below the mucous layer (7) , which has a near-neutral pH (2); and (ii) H. pyloni has a very potent urease which hydrolyzes urea, producing ammonia, which could neutralize acidity in the stomach (6) . In were incubated as specified above, and observations of OD660) and culture pH were recorded every 6 h between 12 and 24 h of incubation and at 12-h intervals up to 72 h of incubation by using a spectrophotometer (Beckman DU-65) and a pH meter (Beckman 1 44), respectively. For these measurements, 0.75-ml samples were removed each time and replaced with the same volume of sterile headspace gas mixture.
To study the effect of urea on culture pH, the growth medium without phosphate buffer was amended with 5 mM urea and the pH was adjusted to 5.0, 6.0, or 7.0. H. pyloni was added to an initial OD660 of approximately 0.12 as described above. Control vials contained no urea. All treatments were performed in duplicate. Observations of OD660 and culture pH were made at 24-h intervals up to 72 h of incubation.
For experiments with PO2, brucella broth (pH 7.0) was constituted by using its components (Difco), except sodium bisulfite, and modified as described above but without cysteine. After 10 ml of the warm medium (40 to 45°C) was added to 24-ml vials preflushed with nitrogen, further flushing was done by bubbling nitrogen through the medium for about 2 to 3 min before the medium was autoclaved for 15 min. Rubber stoppers were temporarily held with autoclavable tape during autoclaving. The P02 levels were adjusted to 2.0, 4.0, 6 The modified brucella broth produced excellent growth of H. pylon compared with that produced by commercial brucella broth, increasing the growth rate by ca. 50%. When 2% agar was added, this medium could also be used for colony growth. The highest final biomass level was obtained at pH 4.5 within 48 h. There was no apparent growth at pH 4.0, and the amount of growth at pH 7.0 was significantly lower than the amounts of growth at acidic pH values such as 5.0, 5.5, and 6.0 (Fig. 1) . The highest growth rate (OD660 h-') was at pH 5.5; growth rates at pH 4.5 and 8.0 were significantly lower, and no growth occurred at pH 4.0 (Table 1) .
The pH range of 5.0 to 6.0 was found to provide the most favorable growth rate for H. pylon, with pH 5.5 providing the best rate. Therefore, the optimal growth of H. pylon under these conditions occurs in an acidic pH range. These findings indicate that H. pylon is a facultatively acidophilic bacterium (1, 16) . The popular hypothesis that urease activity nullifies the acidity of the growth environment and causes back diffusion of protons (10) has no reliable experimental evidence. In this study, when H. pylon was grown with 5 mM urea in the culture media at pHs of 5.0, 6.0, and 7.0, there was no significant change in the medium pHs compared with those of controls, even into the mid-stationary phase (72 h) of growth (Fig. 2) . Five millimolar urea was chosen so as to exceed the human blood urea level of 1.7 to 3.4 mM (14) . The data here suggest that even at very high inoculum densities (e.g., an OD660 of 1.0 at 72 h) and in the presence of 5 mM urea, H. pylon did not significantly alter the pH of its growth medium by urease activity. It is possible that the buffering action of ammonia produced by urease activity takes place in the periplasmic space or on the wall surface (3) 
